Results: Twenty-one patients (11%) received additional treatment with intravenous gamma globulin (IVGG) with or without intravenous methylprednisolone for persistent fever lasting for more than 48 hours or recurrent fever after initial treatment with IVGG. Patients who re-ceived additional treatment did not differ significantly from other patients regarding age, sex, race, or diagnostic criteria. Compared with the patients who did not receive additional therapy, the patients who received additional treatment had shorter median interval from fever onset to initial dose of IVGG (5 vs 6 days; P =.006) and longer total days of fever (9 vs 6 days; PϽ.001). Initial laboratory investigations did not differ significantly. On initial echocardiography, patients who received additional therapy were significantly more likely to have pericardial effusion (33% vs 15%; P =.04), ventricular dysfunction (14% vs 2%; P=.002), and coronary artery ectasia (76% vs 43%; P =.004) but not aneurysms (10% vs 5%; P=.47). At 12 months after diagnosis, there were no significant differences between the 2 groups regarding the prevalence of coronary artery ectasia or aneurysms.
Conclusion: Patients receiving additional treatment for persistent or recurrent fever have similar demographic and clinical characteristics, greater initial cardiac involvement, and similar overall outcomes.
Arch Pediatr Adolesc Med. 2000; 154:694-699 K AWASAKI DISEASE is the leading cause of acquired heart disease in children in the developed world, with coronary artery aneurysms occurring in 20% to 25% of untreated cases. 1, 2 Treatment with intravenous gamma globulin (IVGG) within 10 days of onset of fever has been shown in clinical trials to reduce the risk of coronary artery aneurysms to 4% to 8%. 2, 3 However, 10% to 30% of children treated with IVGG are refractory to treatment and are febrile for at least 3 days after treatment initiation. 3, 4 Additional treatment with IVGG appears to be safe, 4 but a number of children continue to have persistent or relapsing fever despite the additional courses of IVGG. 4, 5 In contrast, although IV corticosteroids have been found to be efficacious in resolving fever, 1, 6 Kato et al 1 reported that the use of steroids was associated with an increased prevalence of coronary artery aneurysms as high as 65%. Other studies have found no increased risk. [5] [6] [7] Thus, the appropriate management of children with persistent or relapsing fever despite standard therapy remains controversial.
The purpose of this study was to determine differences in clinical characteristics, laboratory findings, and cardiac complications between patients with acute Kawasaki disease who received additional treatment with IVGG and/or IV corticosteroids for persistent or recurrent fever and patients who did not. 
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RESULTS
A total of 185 children were diagnosed as having acute Kawasaki disease at The Hospital for Sick Children from January 1, 1995, to December 31, 1997. The Figure illustrates the treatment received and response to treatment. Six children were not treated with IVGG because of late presentation with resolution of fever at time of diagnosis or parental refusal. None of these children subsequently developed coronary artery aneurysms, although 2 had transient coronary artery ectasia on follow-up echocardiograms. The remaining 179 children received 1 dose of IVGG (2 g/kg), with 155 children showing defervescence within 48 hours and remaining afebrile. One child whose fever resolved with the single course of IVGG was treated with an additional course of IVGG (1 g/kg) and IV methylprednisolone (30 mg/kg daily for 3 days followed by a tapering course of oral prednisone) for myocarditis with reduced ventricular function. This child was not included in the additional treatment group for data analysis, since the patient received additional treatment for myocarditis rather than for persistent or recurrent fever. In contrast, 24 children (13%) had fever that persisted for more than 48 hours after the single dose of IVGG or had a recurrence of fever. Three of these children did not receive additional treatment and experienced defervescence within 72 hours of the initial course of IVGG.
The remaining 21 children (11%) received additional treatment for persistent or recurrent fever. All 21 children were first treated with a second course of IVGG (1 or 2 g/kg). Fever resolved within 24 hours of the second course of IVGG in 14 children (67%) but persisted in 7 children. Two of the children with persistent fever were then treated with a third dose of IVGG (1 or 2 g/kg). Neither responded to the third course and were treated with IV methylprednisolone (30 mg/kg daily for 1 or 3 days). The remaining 5 children who did not respond to the first 2 courses of IVGG were treated with IV methylprednisolone (30 mg/kg daily for 1 or 3 days) rather than a third course of IVGG. Two of 3 children who received a 3-day course of IV methylprednisolone were then prescribed a tapering course of oral prednisone. One child who received a 1-day course of IV methylprednisolone had a recurrence of fever 3 days after the IV methylprednisolone and was treated with a third dose of IVGG (2 g/kg), with resolution of fever.
The demographic data for the 21 patients who received additional treatment for persistent or recurrent fever and the 164 patients who did not are presented in Table 1 . There were no significant differences between the 2 groups regarding median age, sex, or race. Table 2 compares the clinical characteristics of the 2 groups. There were no significant differences in the number of diagnostic criteria, Kawasaki disease type, or frequency of specific clinical characteristics. The median number of days from fever onset to the initial dose of IVGG was significantly less in the additional treatment group compared with the no additional treatment group (5 vs 6 days; P =.006). The median total number of days of fever (9 vs 6 days; PϽ.001) and median number of days in hospital (8 vs 3 days; PϽ.001) were significantly greater in the additional treatment group. Table 3 shows the laboratory test results at the time of hospital admission and at 1 month, 2 months, and 1 year after diagnosis. There were no significant differences in the initial laboratory findings between the 2 groups, with the exception of higher median alanine aminotransferase levels in the additional treatment group (85.5 U/L) vs the no additional treatment group (28 U/L; P =.02). Table 4 shows the echocardiographic findings at the time of hospital admission and at 1 to 2 months and 1 year after diagnosis. On initial echocardiography, children who received additional treatment were significantly more likely to have pericardial effusion (33% vs 15%; P=.04); ventricular dysfunction, defined as an ejection fraction of less than 55% (14% vs 2%; P=.002); and coronary artery ectasia (76% vs 43%; P=.004) but not coronary artery aneurysms (10% vs 5%; P=.47). How-
PATIENTS AND METHODS
STUDY POPULATION
The subjects were consecutive patients diagnosed as having acute Kawasaki disease at The Hospital for Sick Children, Toronto, Ontario, between January 1, 1995, and December 31, 1997. The decision to administer additional doses of IVGG and/or IV corticosteroids was individualized and at the discretion of the treating physician, although it has been our policy to use a second dose of IVGG initially for patients with persistent (Ͼ48 hours) or recurrent fever after initial treatment with IVGG.
MEASUREMENTS
Medical record review was performed to abstract patient demographics, clinical findings, course of fever, treatment received, and cardiac complications. As per an institutional protocol, all patients diagnosed as having acute Kawasaki disease were evaluated with laboratory investigations and echocardiography at the time of hospital admission and at 1 month, 2 months, and 1 year after diagnosis. Most clinical information was maintained concurrently in a computer database. Echocardiographic findings at diagnosis, maximal findings at 1 to 2 months after diagnosis, and findings at 1 year after diagnosis are reported. Angiography was reserved for patients with giant coronary artery aneurysms and multiple nongiant coronary artery aneurysms.
DATA ANALYSIS
Data are described as frequencies, medians with ranges, and means with SDs as appropriate. Differences in characteristics and outcomes of patients who did and did not receive additional treatment were sought with 2 tests, Fisher exact tests, t tests, and Kruskal-Wallis analysis of variance as appropriate. Where there are missing data, the number of nonmissing values is given.
(REPRINTED) ARCH PEDIATR ADOLESC MED/ VOL 154, JULY 2000 ever, at 1 year after diagnosis, there was no significant difference between the 2 groups regarding coronary artery ectasia or aneurysms.
All patients diagnosed as having Kawasaki disease underwent echocardiography at diagnosis. None of the patients with initial cardiac findings or who received additional treatment were lost to follow-up. Of the patients who did not have coronary artery aneurysms at diagnosis, 3 developed aneurysms at 2 months after diagnosis. Of these 3 patients, 1 had persistent aneurysms at 1 year, 1 had no aneurysms at 1 year, and 1 was subsequently lost to follow-up. None of the patients with no coronary artery aneurysms at 2 months after diagnosis were subsequently found to have aneurysms at 1 year after diagnosis. Angiography was used in a select number of patients and was in agreement with echocardiographic findings.
COMMENT
A considerable proportion of children with acute Kawasaki disease do not respond to standard therapy with IVGG. Previous studies have reported that 10% to 30% of children have fever persisting for 72 hours or more after the initial IVGG therapy is completed. 3, 4 In our study, we found that 24 (13%) of 185 children diagnosed as having acute Kawasaki disease had fever that persisted more than 48 hours after the initial IVGG treatment or had a recurrence of fever. Of these, 21 children received additional treatment, all with a second course of IVGG, 3 with a third course of IVGG, and 7 with IV methylprednisolone.
We found no significant difference between the children who received additional treatment and those who did not in age, sex, race, or clinical characteristics. There was also no significant difference in laboratory results on admission and at 1 month, 2 months, and 1 year after diagnosis. We also found that, although patients receiving additional treatment were more likely to have coronary artery ectasia on initial echocardiography, they were not more likely to have coronary artery aneurysms. There were no significant differences in the prevalence of coronary artery ectasia or aneurysms at 1 year after diagnosis. One interesting finding was that children who received additional treatment had a significantly lower median number of days from fever onset to the initial course of IVGG. The significance of this is unclear. Yanagawa et al 8 had found that there were greater cardiac sequelae and giant aneurysms in children who received IVGG on day 3 or less of their illness, although this was not as dramatic as those who received IVGG on day 10 or more. The authors had hypothesized that this was due to a bias caused by including severe cases with full clinical symptoms as early as day 3 after onset. Similarly, the earlier initial treatment in the additional treatment group in our study may be due to bias caused by more severe cases in the additional treatment group and/or inclusion of more cases with late presentations in the no additional treatment group. Yanagawa et al 8 also found that the prevalence of cardiac sequelae and giant coronary artery aneurysms was at the lowest in children treated with IVGG between day 6 and day 8 of illness. Hence, another possible explanation may be that there is a narrow window within which IVGG is most effective, with decreased effectiveness not only with delayed treatment but also with too early treatment.
However, there are a number of limitations of our study that need to be considered. First, this was a nonconcurrent study, in which patients were not randomized to treatment regimens. There were no established protocols for additional treatment for persistent or recurrent fever. Second, the subjects were a heterogeneous group. Since the treatment decisions were largely at the discretion of the treating physician, patients in the additional treatment group received various combinations of additional courses of IVGG and/or IV methylprednisolone at different doses. Also, patients who did not receive additional treatment included patients with persistent fever lasting longer than 48 hours, patients who had not received any IVGG, and patients who were treated with IVGG more than 10 days after fever onset. Finally, the additional treatment group was composed of a small number of patients, which likely compounded the difficulties caused by the lack of randomization and heterogeneity of the patients.
The appropriate management of children with persistent or recurrent fever despite an appropriate initial dose of IVGG treatment is uncertain. Intravenous gamma globulin significantly reduces the risk of cardiac complication compared with aspirin only as initial treatment. 2, 9 Additional treatment with further courses of IVGG has been found to be safe, with no evidence of congestive heart failure, increased prevalence or exacerbation of myocardial dysfunction, or hypotension. 4 However, the same study found that 30% of children receiving a second course of IVGG continued to have persistent or recrudescent fever, and 50% of these patients did not respond to a third course of IVGG. 4 Similarly, Wright et al 5 found that 2% of all children treated for acute Kawasaki disease had "IVGG-resistant" disease, which did not respond to additional doses of IVGG. In our study, one third of patients who received a second dose of IVGG continued to have persistent fever, and neither of the 2 patients who received a third dose of IVGG responded. Hence, although treatment with additional doses of IVGG may be safe, it does not appear to be highly effective against persistent fever.
In contrast, corticosteroids appear to be more effective in the resolution of fever compared with IVGG. 5, 6 However, the use of corticosteroids in acute Kawasaki disease had been considered unsafe, since Kato et al 1 reported that 65% of patients who had received oral prednisolone alone (2-3 mg/kg daily for at least 2 weeks, then 1-1.5 mg/kg daily for 2 weeks) for treatment of acute Kawasaki disease developed coronary artery aneurysms at 1 to 2 months after fever onset. The authors had hypothesized that steroids may act to expedite the formation of coronary artery aneurysms and inhibit the intimal proliferation within the aneurysms, thus preventing aneurysm regression. Of note, none of the patients who received oral prednisolone and aspirin (30 mg/kg daily) in combination developed coronary artery aneurysms in that same study. More recently, studies have found that corticosteroids, when used with aspirin, are not associated with an increased rate of coronary artery aneurysms when used as initial treatment of acute Kawasaki disease 6, 7 and for the treatment of persistent or recurrent fever after initial treatment with IVGG. 5 Thus, the use of corticosteroids needs to be reevaluated as an option for patients who do not respond to an initial dose of IVGG and perhaps for initial treatment for acute Kawasaki disease.
In conclusion, the optimal treatment of the 10% to 30% of children with persistent or recurrent fever despite initial treatment with IVGG remains controversial. There appear to be no characteristics that distinguish these nonresponders. Patients who received additional treatment had a greater number of abnormali- 
